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ABSTRACT 
 
Desertification is one of the most critical environmental problems caused by human 
activities and climate change. As a result of human activities, land degradation has been seen in 
many agricultural areas. Intense pressure on cultivated fields causes loss of soil fertility, which 
can then lead to desertification. Planting plant drought-resistant plants, such as olives, is one 
strategy for reducing desertification risk in cultivated areas. It is essential to find a way not only 
how to combat this process but also how to adapt or survive with desertification conditions. 
Defining desertification risks have a fundamental role in combating drought. The goal of this 
research was to analyze the environmental conditions associated with olive cultivation in Tulare 
County, California, in comparison to other tree crops and to evaluate their respective 
desertification risks. Desertification risk results showed that more than half of Tulare County is 
very sensitive to desertification. During 2014, olive trees were located in mostly on sites where 
desertification risk was rated low or absent. Also, the results obtained illustrate that olive trees 
could be used as a method to combat desertification in high risk areas, or as a replacement for 
failing tree crops in Tulare County.  
  
 1 
 
 
 
 
 
 
CHAPTER ONE 
 
INTRODUCTION 
 
Desertification is increasing significantly around the world. Ismael’ s (2015) findings 
show that desertification is a severe threat to arid and semi-arid environments that cover 40% of 
the global soil surface and are populated by about 1 billion people. Accordingly, identifying 
areas at risk of desertification and identifying appropriate mitigation measures are of primary 
importance (Ladisa et al. 2012). The causes of desertification include deforestation, overgrazing, 
unsustainable agricultural practices, and poorly managed irrigation. Further factors such as 
population growth, economic instability, and government policies may rise the potential for these 
unsustainable land management practices to emerge. As a result, both natural and human-caused 
climate change can accelerate desertification (Wiesman, 2009). 
There is a growing interest in olive trees and their products in many parts of the world. 
The reasons for the popularity of this species is not only related to agricultural or economic 
factors but also the environment and human health. The drought tolerance of the tree and its 
capacity to grow on shallow, low-quality soils make the species one of the most important for 
cultivation in arid and semi-arid regions (Fernández and Moreno, 2000). The fact that olive has a 
salt-tolerant structure makes it one of the most profitable crops in the world’s large areas with 
high salinity and small amounts of water for irrigation. Furthermore, Gurel et al. (2019) note that 
the olive (Olea europaea L.) is defined in Turkey as a “wealthy plant of poor soils.” In many 
areas where the tree is planted, there are potential benefits for erosion and desertification. Tree 
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planting plays an important role both in minimizing soil losses and in reducing the air dryness 
through transpiration (Fernández and Moreno, 2000). This study evaluates the feasibility of olive 
expansion as a method to reduce desertification risk in Tulare County, CA. 
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CHAPTER TWO 
 
LITERATURE REVIEW 
 
2.1 Desertification 
 
2.1.1 Overview 
Desertification is one of the fundamental problems around the world, and it increases day 
by day. Desertification is caused by both natural and anthropogenic processes and has had 
multiple definitions over time (Capozzi, 2018). Ding et al. (1998) described desertification as a 
reduction in the productivity of biological life over time. The United Nations Convention to 
Combat Desertification (1999) identified desertification as land degradation in arid, semi-arid 
and dry, humid areas caused by various factors, including climatic changes and human activities. 
Verón et al.’s (2018) findings show that two main definitions coexist within recent literature: 
“desertification as land degradation in arid, semiarid and sub-humid areas resulting from various 
factors including climatic variations and human activities”, and “desertification as a persistent 
reduction in the capacity of ecosystems to supply services... over extended periods of time.” 
Pourghasemi et al. (2019) define desertification simply as a land degradation process due to 
climate change and unsustainable land management practices. In China, desertification has been 
defined as the process whereby extreme economic activities of humans disrupt the ecological 
balance of arid and semi-arid lands and result in the formation of blown sand and sand dunes 
(Duan et al., 2019). Although the formation of dunes is not a necessary condition for 
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desertification worldwide, the concept of ecological balance is essential to the definition. The 
current working definition of desertification is: a process of environmental degradation created 
by the impacts of extreme human activities, leading to a decrease in productive soils due to the 
emergence of desert-like landscapes (Ding et al, 1998). 
2.1.1.1 Land degradation, Aridity, and Drylands 
Land degradation is a serious environmental issue facing the world today (Taddese, 
2001). It has harmful effects on agricultural fertility and ultimately, ecological functions that 
affect human continuity and quality of life (Masoudi et al., 2018). This deterioration indicates a 
decline in the physical, chemical, and biological properties of the soil and long-term loss of 
natural vegetation (Guan et al., 2017). Dryland covers about 5.2 billion hectares, one-third of the 
world's land area, roughly one-fifth of the world's population lives in these regions (Ismael, 
2015).  
Land degradation includes several processes, including physical (soil erosion by wind 
and water, waterlogging, soil compaction and crusting, mass wasting, etc.), chemical 
(acidification, salinization, alkalization)) and biological (vegetative degradation, the decline in 
biodiversity). Therefore, the process of land degradation involves the reduction of good soils 
capable of sustaining plants and loss of many organism’s population areas in arid, semi-arid and 
dry, humid arid regions, and decrease or biological loss or economical productivity and difficulty 
in cultivated areas, pastures, and forests (Ding et al., 1998; Wiesman, 2009; Christian and 
Dhinwa 2018). 
Arid lands could be defined as regions where evaporation exceeds precipitation. The 
annual rainfall in arid areas is 200-350 mm, and the interannual variability is 50-100%. These 
areas include scattered plants, including shrubs, bushes, small woody shrubs and succulent, 
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thorny, or leafless shrubs. In semi-arid regions, there are variations in high seasonality and 
precipitation, ranging from 25% to 50%. The annual rainfall ranges from 300 to 400 mm. It 
includes steppe, dry savannah and tropical shrubs with scattered good pasture areas. Hyper arid 
areas have very variable rainfall annually (100% variability) and do not support almost any 
annual vegetation, but annual rainfall can occur after insufficient rainfall. Dry sub-humid areas 
have low inter-community variability in precipitation and are susceptible to degradation due to 
drought, and precipitation seasonality (Barakat, 2009). 
2.1.1.2 Global/historical Patterns and Trends of Desertification 
Dry areas cover 40% of the world's surface and support more than 2 billion people 
worldwide. In East Africa alone, more than 250 million people depend on arid regions for living 
(Winowiecki et al., 2018). Arid areas represent 45.4% of the total terrestrial area in the world and 
are much higher than previous currently estimates (41%). Prăvălie (2016) also state that 
significant increases found for hyper-arid (5.9%), arid (14.2%), semi-arid (16.4%) and dry humid 
(9%) areas. Most arid and semi-arid Mediterranean regions are affected by land degradation and 
desertification because of the interaction of several natural and anthropogenic factors with 
several natural and spatial variability. Desertification occurs in arid, semi-arid, and dry sub-
humid areas known as dry areas on all mainland (except Antarctica) and have an effect on the 
livelihood of millions of humans (Wiesman, 2009). Desertification occurs mainly in arid areas, 
but it affects various environments, climates, and communities. 
Currently, 30% of the global territory in more than 100 countries around the world is 
affected by desertification. Desertification causes widespread land degradation in Africa, Asia, 
Latin America, and the Caribbean and Northern Mediterranean regions. Desertification in Africa 
is spreading rapidly, and soils that are prone to desertification cover 77.8% of the drought areas 
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in Africa. In Asia, soils that are prone to desertification cover 83.7% of the total arid areas and 
arable land affected by desertification is 1,341 million hectares. Desertification is the primary 
reasons for the decrease in biological fertility in Asia, which is most affected by desertification in 
India and China (Ci and Yang, 2010). 
Almost one-third of North and Central America region is faced by drylands, which are 
found part of North America and in Central America. Semi-arid are mostly in the western half of 
the US and in most of Mexico (41%). These also have extensive arid lands such as Great Basin, 
Mojave (US). Canada is important because of the high percentage of dry sub-humid areas. Of the 
total area of South America, nearly 30% consists of drylands, such as Argentina, Brazil, Bolivia, 
Chile and Peru. Semi-arid systems are most common (14% of the continent), particularly in 
Argentina (38% of the country's area) and Brazil (9%). The European Continent is 17.5% 
affected by aridity. The large area of the African is 75% drylands. Asia, is drylands, which 
consist of over 70% arid and semi-arid (17%) systems. China is greatly affected by aridity (more 
than half its area). Saudi Arabia, India, Iran, and Mongolia, Saudi Arabia is the largest hyper-arid 
climate area (Prăvălie, 2016). 
 
2.1.2 Causes/Risk Factors 
 
2.1.2.1 Human Activities 
Many scientists agree that desertification is mainly due to human activities (Jabbar and 
Zhou,2013; Boudjemline and Semar 2018). Human factors are the main causes of accelerated 
land degradation, including population growth, unsustainable economic development, reduced 
environmental and ecological awareness, over-conversion and improper conversion of pastures 
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for over-cultivation and sowing, improper management of water resources, overgrazing, 
firewood, uncontrolled collection of herbal medicines, deforestation and displacement 
cultivation, terrace clipping on slopes and mountainous areas, salinization / alkalization, oil 
exploration and mineral mining. For instance, in Libya, the population's pressure on natural 
resources (eg, water, soil, vegetation), mismanagement, and excessive use of natural resources 
by entities or individuals have led to desertification. (Heshmati and Squires 2013). 
Desertification begin because aird land ecosystems are extremely vulnerable to overexploitation 
and inappropriate land-use practices (Reynolds and Stafford Smith 2002). 
2.1.2.2 Climate 
Today, the desertification process is one of the biggest ecological concerns. This has 
continued for thousands of years due to climate and environmental changes, but those recently 
exploited by humans have destroyed the land in a dangerous way. Desertification can intensify a 
general climate tendency towards more drought, or initiate a change in the local climate 
(Wiesman, 2009). Moreover, the results of the research conducted on global climate change 
show that annual rainfall decreases especially in the Mediterranean, average temperatures 
increase, and an increase in intra-year variability and in the same season (Boudjemline and 
Semar 2018). In the last century, significant warming tendencies in arid areas have been stronger 
than in other parts of the world. Climate forecasts According to RCP4.5 (RCP 8.5), the rate of 
drought is expected to increase by 11% before 2100. This means that 50% of the total land 
surface will be covered in dry areas (Lu et al., 2018). Climate change and irregular rainfall, 
continues to increase the vulnerability of arid areas in East Africa. However, combating drought 
is thought to have an essential role in reducing climate change, which are important points of 
biodiversity and support various livelihoods (Winowiecki et al.,2018). 
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Climatic elements such as precipitation, temperature, sunlight, wind, and climatic factors 
may cause changes in land surface conditions during the desertification processes. As a result of 
climate change affecting desertification, vegetation conditions in arid, semi-arid, and dry, humid 
environments have changed drastically (Mail et al., 2017). 
 
2.1.3 Impacts of Desertification 
 
2.1.3.1 Agriculture 
Desertification is beginning to cause worldwide panic because of the loss of fertile 
farmland. Estimates show that 35 percent of the world's surface is at risk of desertification, and 
the livelihoods of 850 million humans are directly affected. Around the world, desertification 
makes about 12 million ha useless for planting each year.  Today, farmers are seeking new ways 
that will allow them to use arid regions and otherwise cultivate crops on degraded soils. In order 
to resist the severe conditions in the deserts, crops must be selected carefully, and water 
resources must be managed carefully (Wiesman, 2009). 
Over the last few decades, an increasing and more inactive population has caused more 
pressure on the land and spread agricultural production into marginal drought areas, traditionally 
pastures (Winowiecki et al., 2018). As a result, the productivity of natural pastures, forests, and 
agricultural lands decreases. Soil productivity, and changes in physical and chemical properties 
might lead to a decrease in the volume of agricultural resources and a reduction in arable land.  
As a result, agricultural productivity declines sharply, while the number of mouths to feed 
continues to increase (Heshmati and Squires, 2013). 
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Unsuitable land-use changes affect the ecological functions of a region, potentially 
leading to a decrease in both productivity and biodiversity (Jabbar and Zhou 2013). According to 
Ismael (2015), agriculture is affected by desertification, climate change, soil depletion, and water 
scarcity in Egypt. Furthermore, in Turkey, the part of middle Turkey is also affected these and 
desertification is a severe threat for agriculture, forest, and even the future of humanity. There 
are some important changes in agriculture and animal husbandry that may cause desertification 
to move in different directions, such as a decrease in irrigation and the spread of irrigated 
agriculture leading to an increase in the amount of irrigation water; abandonment of large 
plantation areas; the collapse of animal husbandry; and to leave the distant pastures (Jiang et al., 
2019). 
2.1.3.2 Forestry 
Forests have an important place in food safety and shelter, in combating climate change, 
and in the protection of biodiversity. By preserving forests, we can strengthen natural resource 
management and improve land productivity, otherwise desertification areas will increase as a 
result of forest losses. In addition, deforestation and desertification affect the lives and 
livelihoods of millions of people (Sustainable Development Goals, n.d.). 
Destroying forest shelterbelts is one of the main reasons for the increase in temperature 
and consequently, the risk of desertification. Their role is essential to the protection of 
agricultural crops by protecting them from wind, sunlight, and evapotranspiration. To reduce the 
risk of desertification, as a protection measure, these surface areas and new ones are currently 
being reforested, and ecological reconstruction projects are being implemented (Vorovencii, 
2015). 
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As a result of desertification, loss of agricultural areas, reduction of forest biomass, pastures and 
fertile plains, groundwater and surface water loss in forests, salinization of land and changes in 
the quality of water resources occur (Pashaei et al., 2017). In addition, Pasternak and Schlissel 
(2012) claim that the Mediterranean rainforest forestry system, probably the oldest and most 
sustainable rainwater system in the world, is mainly based on fruit trees, especially olive trees. 
Trees and shrub species that are resistant to arid and semi-arid conditions and which can stabilize 
nitrogen can make an essential contribution to organic matter content and soil fertility. For 
example, nitrogen-fixing species such as Russian olive can significantly contribute to the N pool 
(Caliskan and Boydak 2017). 
 
2.2 Olive Production 
 
2.2.1 Overview  
The olive tree is one of the ancient cultivated trees in the world (Berkeley Wellness, 
2015). According to Quiroga, S., & Suárez, C. (2016), olives are one of the main crops of 
Mediterranean agriculture, representing a higher proportion of the harvesting area, but at the 
same time having an important cultural heritage in the region. Olive tree (Olea europaea L.) is a 
sclerophyllous species well adapted to the Mediterranean area, the investment in conservation 
strategies against drought severely compromise growing and efficiency (Brito et al., 2018). The 
olive tree also has socio-economic importance in the Mediterranean area (Sghaier et al., 2019). 
The natural olive (Olea europaea L.), which belongs to the Oleaceae family, is an evergreen tree 
that gets taller to a height of ∼ 12 m with a spread of approximately 8 m. The olive leaf is 
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feather-shaped and contrasts with each other. Their skins have plenty of tannins and give mature 
leaves a gray-green view (Wiesman, 2009). 
2.2.1.1. Olive Uses 
Olive trees (Olea europaea L., Oleaceae) are among the most broadly planted and 
harvested in the world. Mediterranean countries supply 98% of the world's olive harvest, which 
are then used for oil production or table olives; whereas the waste from pruning and extraction 
process are considered residual or by-products (Mattioli et al. 2018). 
The olives (more than 90%) are grown mainly for oil. It is also used in the food, and 
beverage industry as well as in the textile, cosmetics, and pharmaceutical industries. The trees 
also provide a beautiful tree for decoupage. Waste products after oil treatment are now 
considered as a possible renewable energy source. Olive oil is valuable due to its healing and 
nourishing properties (Carr, 2013). 
Table Olive 
Table olive is one of the most popular agricultural fermented food products in the 
Mediterranean countries, especially in Spain, Greece, and Italy, which consider for nearly 30% 
of the sessional table olive production in the world (Cosmai et al. 2018).  
The olive fruit is a drupe. It has a sharp component (oleuropein), a low sugar 
concentration (2.6–6.0%) and excellent oil content (12–30%), though these rates can vary with 
ripeness and olive kind (Arroyo-Lopez et al., 2008). Table olive is intended to be consumed as 
food rather than used for oil production, and table olives have unmatched structure, aroma, and 
complexity of flavor, changing between sweet and bitter. These unique qualities might vary due 
to species of the olive tree. Raw olives are very sharp and pungent in terms of taste and cannot be 
consumed before processing methods that make olives tastier (Olive Wellness Institute, n.d). 
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These properties prevent the consumption of olives directly from the tree and have encouraged a 
number of processes to make them ready for eating, which varies considerably from region to 
region. Arroyo-Lopez (2008) estimates that world production of table olives has reached 
1.823,000 tons in the 2006/2007 crop year. The most significant industrial preparations are a) the 
green Spanish style with approximately 60% of production, b) mature olives with alkali 
oxidation (California style) and c) natural black olives (also known as Greek-style) (Arroyo-
Lopez, 2008). 
Dawson (2019) found that global table olive consumption has increased by nearly 179 
percent over the last thirty years, based on data from the International Olive Council (IOC)data. 
Furthermore, the IOC argue the table olive consumption increases, especially in the European 
Union because of health benefit awareness of olive (Dawson, (2019). As a consequence, it is 
clear that consumption of table olives is of great importance worldwide. 
Olive oil  
Olive oil is made exclusively from the fruit of the olive tree (Olea europaea L.) and 
differs from most of the other herbal oils in the process of extraction, allowing it to be consumed 
in a raw form, thus protecting its vitamins and other natural healthy high-value compounds. 
Olive oil is the most common dietary oil in the ancient Mediterranean world. Conventionally, the 
olive oil industry only Spain, Portugal, Italy, Greece, Turkey, Tunisia, Morocco, and Syria, 
including the Mediterranean basin, has played an essential economic role in the countries. In 
recent years, however, olive growing has become more prevalent in other countries like 
Australia, New Zealand, the USA, South America, South Africa, and India. In terms of olive oil 
consumption, the leading producer countries are also the central consumer countries (Wiesman, 
2009). 
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Extra virgin olive oil (EVOO) is the harvest of olive fruit using only physical means and 
avoiding any solvent extraction or chemical use. High amounts of by-products are produced, 
both solid and liquid, to provide EVOO, which represents a major environmental problem. In the 
Mediterranean countries, the world's largest olive production region, large amounts of 
agricultural, industrial waste are produced from the olive processing industry. However, olive 
by-products have environmental, social, and economic importance in olive producing countries 
(Caporaso et al. 2018). Furthermore, olive wastes can be used as animal food (Mattioli et al. 
2018). Giuffrè et al. (2017) claim that EVOO is one of the most critical components of the 
Mediterranean diet. In the 2013-2014 crop, Italy made 464,000 tons of olive oil and Europe 
manufactured 2,482,700 tons. 
Others 
Many long years, olive tree leaves have been used for several reasons because they have 
different types of bioactive molecules such as antioxidant, antihypertensive, anti-inflammatory, 
hypoglycemic and hypocholesterolemic; also, these can be used for a food additive. At the same 
time, the raw olive leaves can be used as animal feed as an alternative method. This kind of 
waste products may be very efficient methods for rabbit diet because they help to improve 
healthy molecules, and also it is necessary to develop more sustainable production processes 
(Mattioli et al. 2018).  According to Mattioli et al. (2019), the rabbits feed with olive leaf 
supplementation for increase performance and meat quality. 
Some research shows that olive tree is one of the sources for the antioxidant components. 
So, olive trees biomass may be great to obtain high value-added compounds through in the 
pharmaceutical, food, and cosmetic industries. It is widely known that antioxidant compounds 
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are associated with health care and also used as additives in food preservation (Martínez-Patiño, 
J. C., 2019). 
Romero-García et al. (2016) points out that a large number of olive leaves are found in 
the industry of olive oil and table olive. In addition, these olive leaves are separated from olives 
using pneumatic separation systems and used for animal feed, not for industrially interested. 
Furthermore, Romero-García et al. (2016) found that the annual amount of olive leaves 
accumulated in these sectors may exceed 1 million tons. Approximately 6% of the leaves are 
accompanied by harvested olives, and yearly world olive production exceeds 18 million tons 
(average 2006–2013) — this information shows how olives leaves have essential value in my 
area. 
Chiliso et al. (2018) propose that polluting wastes like those manufactured by the olive 
oil industry, fertilizing can produce steady organic materials that can be suggested as peat 
substitutes in the arranging of growth media for potted plants. Clay-olive plaster use is another 
but exciting olive usage fields. 
2.2.1.2 Global patterns and Economics 
Olive trees grow mainly in the Mediterranean countries and some parts of the USA, 
Australia, and New Zealand (Berkeley Wellness, 2015). Barranco and Rallo (2000) findings 
confirm that olive cultivation in Spain commences between 2,000 and 1,000 BC. Initial olive 
farmers in every place chosen the best trees from wild olive woods based on their fertility, fruit 
greatness, oil content and quality and conformation to the local environment. The matter of olive 
growing rose, and along the Roman Empire, olive oil export by sea, from southern Spain, 
expanded.  
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Spain is the leading world producing country. In the last few years, Spanish area, 
production, and crop have gone up steadily. Recently, Spain’s output may achieve 40% of the 
world aggregate production in the years to come; 92% of the Spanish production use for olive oil 
extraction and the rest for table olives (Barranco and Rallo, 2000). It is noted that recently, Spain 
owns the broadest area (2.09 million ha), and is also the most significant manufacturer of table 
olives and olive oil. It followed by Italy, Greece, Morocco, and Turkey. Tunisia has a big field of 
olives (1.65 million ha), but low fertility due to arid circumstances. The primary producer in 
South America is Argentina with 56,000 ha of olive cultivation 170,000 t, in the meanwhile, the 
United States with 14,000 ha produces 186,000 t. Of the approximative aggregate of 9.5 million 
ha of olive orchards in the world at the present time (producing 20.8 million t), two-thirds (6 
million ha) are till now to be in the Mediterranean areas (Carr, 2013).  
Nowadays, Carr (2013) states that new countries such as New Zealand and Australia are 
participating in the olive industry. For now, it has only 250 ha area. Furthermore, in Australia, 
the olive industry was expanding from nothing in 1995 to 30000 ha in 2010. The interesting 
information about this country is how olive physiology and adaptation arranged because most of 
the olive orchards in Australia water. 
 
2.2.2 Olive requirements 
The deep root system of olive trees, the olive tree is capable of receiving water from the 
soil and has a high gradient of water potential between the canopy and root the system. It is 
confirmed that olive trees are efficient soil water users thanks to their ability to make significant 
gas changes even during xylem sap and drought stress. Due to these reasons, the olive tree can be 
defined as an exemplary herb for drought tolerance in Mediterranean climates. Olive growing is 
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often limited to slopes or more irregular terrain, and because its culture decreases soil erosion 
and support the protection of high biodiversity, it covers a considerable area of mountains and 
hills. It is very important to understand the condition of olive plants which are exposed to 
drought stress under extreme environmental conditions because it helps to select drought-
resistant varieties and thus protect water resources in semi-arid environments (Sofo et al., 2008). 
In the Mediterranean Basin, where precipitation is low or variable, the productivity and 
survival of the long-term evergreen tree depend on physiological features as well as 
management. The olive tree effectively manages water loss through transpiration and can also 
withstand severe internal water lack (Tangu, 2014). 
2.2.2.1 Soils 
Olive can be grown commercially on a wide variety of soils, even in shallow and low-
quality soils. Olive trees are moderately salt-resistant crop tree (Chartzoulakis, 2005). Due to the 
plant's sensitivity to hypoxia, only very compact, poorly drained soils are a limiting factor for the 
crop. Optimum pH values are between 7 and 8, but olives can grow on soils with a pH between 
5.5 and 8.5. The plant does not respond to photoperiod. In the literature, however, there are 
plenty of references to the importance of temperature for growth and production (Fernández and 
Moreno 2000). 
Pergola et al. (2013) explain that traditional olive cultivation systems usually grow in the 
hilly and mountainous regions of the producing countries in the Mediterranean Basin. Fernández 
and Moreno (2000) findings shows that olive trees have a significant role in minimizing soil 
losses and decrease soil erosion in drought areas. Wiesman (2009) claims that the success of 
olive cultivation in unsuitable soils depends not only on the root system at least in part but also 
ability to react quickly to changes in the water content of the soil. 
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2.2.2.2 Climate 
Climate change is a significant challenge for the world. It is usually a result of 
temperature rise and reducing rainfall (Sghaier et al. 2019). Therefore, climate change has 
various effects on water sufficiency, environmental degradation, agricultural output rate. It was 
noted that these changes have more severe effects on arid and semi-arid regions. One of the most 
critical factors that can affect plant production is the decrease in water efficiency (Sghaier et al. 
2019). Lobell, et al. (2006) define perennial fruit trees as the most vulnerable plants due to 
extreme temperature terms. Olive trees develop best in climates with mild winters and long, dry, 
and warm summers (Financial Tribune, 2014). 
Trabelsi et al. (2019) remark that the Mediterranean basin is the most significant area in 
the world with unique climatic conditions suited for olive cultivation. Therefore, this region can 
face the critical effects of climate change. Expected to be 39.1 ± 55.1 mm and the air temperature 
is to increase between 1.57 ± 0.27 ° C (0.84 to 2.31 ° C). The authors also note that climate 
change will lead to an increase in irrigation demand, so agricultural production must adapt to this 
for sustainability. 
Sofo et al. (2008) illustrates that the Mediterranean climate zones are characterized by an 
out-of-phase temperature cycle that produces temperate and cold rainy winters and dry summers. 
The authors also mention that the hydrological instability of Mediterranean climate zones results 
from a combination of precipitation and heterogeneous terrain topography. Mediterranean 
vegetation has developed many physiological mechanisms to tolerate drought stress and grow in 
adverse climatic conditions. As for many Mediterranean species adapted to semi-arid climates, 
the olive tree can abide low water availability in the soil by morphological, physiological and 
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biochemical adaptations obtained in response to water shortages, usually in the spring and 
summer (Sofo et al., 2008).  
Climate warming will change the geographical distribution of olive blossom phenology 
and yield. For instance, the center of California, and especially in the south of AZ-CA, the olive 
fields are expected to shrink.  Whereas, yields are expected to increase throughout northern 
California and along the central coast. The presence of water does not affect drought permissive 
olives, but this might not apply when terms intensify. For example, the snowfall flow used for 
irrigation in California is expected to decrease, and the desertification of the Mediterranean 
Basin is of great importance. These changes are anticipated to have less impact on drought-
resistant types like olives but might have a striking effect on less tolerant varieties (Gutierrez et 
al., 2009). 
2.2.2.3 Water 
Sghaier et al., 2019 mention that olive life is appropriately adapted to overcome water 
shortages. However, the capability of the olive tree to adjust to several drought conditions 
includes a metabolic value characterized by using the diversion of reserves from the boom and a 
reduction in leaf area, which motive a considerable decrease in productivity. Increase on drought 
will endanger the olive trees. So, it is essential to adapt olive harvest to a condition of 
sustainability that provides a particular trade-off between productivity and water availability 
(Sghaier et al., 2019).  
The olive leaf adapts well to water shortage conditions. The total length and branching of 
the roots show significant differences between olive varieties and are closely related to cultural 
practices and especially irrigation methodology. Wiesman’ s (2009) findings show that it is 
known that the colonization of olive roots by mycorrhizae affects the root morphology and helps 
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the intake of water and nutrients, especially in low yield and limited water supply conditions, as 
in plant species grown in the desert. Arbuscular mycorrhiza recorded in olives. Some settlements 
in the Israel Negev Desert used groundwater for various agricultural purposes, including olive 
cultivation (Wiesman, 2009). In addition, Trabelsi et al. (2019) claim that olive trees use various 
tolerance mechanisms against salt accumulation. The authors also found that salt tolerance is 
related to the capacity of the salt to accumulate in the olive leaf foliage or to control the net salt 
import of the shoot. 
 
2.2.3 Olives and Desertification  
2.2.3.1 Relationships Between Olive Farming and Desertification  
Olive trees are very durable, and very resilient, particularly against dryness. Although the 
tree will grow in scorching areas, it will not produce fruit without a chilly breeze in winter in 
which to rest. It can live in temperatures above 40 8 C but is severely damaged by frost at 
temperatures under 7 8 C (Foxhall, 2007). Since olive plants are naturally selected for a long 
time according to desert conditions, the majority of olive varieties are easily adapted to these 
environments, both genetically and environmentally (Wiesman, 2009). 
Dr. Zohar Kerem state that the cultivation of tens of thousands of olive trees in the arid 
regions of Israel was beneficial.  According to a study, where trees provide shade for animals, 
purify the air, and even produce excellent olive oil (Frenkel, 2013). He also mentions that olive 
trees, reducing the atmospheric CO2 levels provide significant benefits to the environment. Trees 
also provide cover for shade and wildlife. Deer, hedgehogs, rodents, and reptiles observed in the 
area studied; and the number of birds also increased. Besides, Dr. Adi Naali an agronomist listed 
the ecological benefits; olive trees, among which green plants, were found to absorb large 
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amounts of CO2. It has also found that olive groves can function as a suitable waste disposal site 
for compost and sewage (Frenkel, 2013). Olive stands intense drought conditions with several 
adaptation mechanisms (Trabelsi et al., 2019). 
Soil erosion is probably the most critical environmental issue in olive cultivated. Due to 
unsuitable weed control and soil management practices, many olive cultivation areas the 
naturally high erosion risk, lead to extensive desertification in some significant production sites, 
as well as considerable soil runoff and agrochemicals into water bodies (Beaufoy, 2001). 
Growing drought-resistant plants such as olives can play an essential role in protecting 
water resources at once when the land is facing drought and water scarcity. The olive tree 
cultivates thoroughly in areas with 500-800 mm of precipitation per year and gives the efficient 
harvest. Thus, it is growing in arid regions can play a significant role in curbing desertification 
(Financial Tribune, 2014). Plants with natural environments as desert environments can create 
new mechanisms and strategies to withstand stressful arid land conditions. As olive trees grow 
under drought conditions and with sufficient irradiation, such mechanisms have developed 
(Wiesman, 2009). Olive can adapt to high temperatures and extreme water gaps and can produce 
high-quality fruit and oil, even in these extreme conditions (Pasternak and Schlissel, (Eds.) 
2012). 
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CHAPTER THREE 
 
GOALS AND OBJECTIVES 
 
The goal of this study is to analyze the environmental conditions associated with olive 
cultivation in Tulare County, California, in comparison to other tree crops crop (almonds, citrus, 
cherries, grapes, peaches/nectarines, pistachios, plums/prunes/apricots, pomegranates, and 
walnuts) and to evaluate their respective desertification risks (Figure 1). The objectives include: 
(1) To analyze the environmental conditions associated with olive production in 
Tulare County and compare them to other tree crops  
(2) To map and measure desertification risk based on soil and climate conditions in 
Tulare County and compare risk for olives to other tree crops 
This research will answer the following research questions: 
1. Which areas of the county are at high risk of desertification based on soils and 
climate? 
2. Are olives currently planted in higher risk areas? 
3. Can olives be grown in higher risk areas? 
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CHAPTER FOUR 
STUDY AREA 
 
Tulare is a county located in the State of California. According to the U.S. Census Bureau 
(2010), the county has a total area of 4,824.22 square miles (Figure 1). The geographic 
coordinates of Tulare county are Latitude: 36° 13' 48.00" N, Longitude: -118° 47' 60.00" W. 
Total population of Tulare county is 479,112.  Headquartered in the great California Valley, 
Tulare County is just 225 miles north of Los Angeles and 200 miles south of San Francisco. The 
median age of residents is only 28.5 years old—one of the youngest regional populations in 
California (Tulare County Map, n.d). The mountain peaks of the Sierra Nevada rise to over 
14,000 feet in the eastern half. The eastern half of the county consists primarily of Sequoia 
National Park, National Forest, and the public areas of the Mineral King, Golden Trout and 
Domeland Wilderness (City of Tulare, California, n.d). 
Tulare County was named after Tulare Lake, which was once the largest freshwater lake 
to the west of the Great Lakes. The area for agricultural development is located in Kings County, 
which was created in 1893 from the western part of the earlier Tulare County. The name Tulare 
comes from the tulle, which is a kind of plant that grows in wet areas. Before people started 
sowing soil, there were many wet areas in Tulare County. Now Tulare Lake is dry, and the base 
is used for plowing (City of Tulare, California, n.d). Average annual precipitation of Tulare 
County is 250- 280 mm (Tulare, CA Weather, n.d.). 
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Tulare County is located in the rich San Joaquin Valley in California 's agricultural center 
(Tulare County Agricultural Commissioner/Sealer, n.d.).  Incidentally, the widely cultivated and 
highly fertile valley floor in the western half has made Tulare County one of the largest 
agricultural commodity producers in the United States. The Tulare County has a central location 
in the heart of the Central Valley and is home to the World Ag Expo in Tulare. The geographical 
region is varied and agriculturally rich. The widespread cultivated and highly fertile valley base 
in the western half has made Tulare County the best agricultural product producer in the United 
States. Therefore, the county is becoming an important factor in the country's overall economic 
picture (City of Tulare, California, n.d).  For example, local farmers and farmers produce more 
than 120 major products per year, with an annual wholesale value of $5 billion. Tulare County is 
also the largest dairy region in the state and nation (Tulare County Map, n.d).  The employment 
in Tulare County, CA grew at a rate of 5.37%, from 173k employees to 183k employees between 
2016 and 2017. Tulare County is neighbor to Fresno, Kern Kings and Inyo Counties. The top 
industries in Tulare County, by number of employees, are agriculture, forestry, fishing, and 
hunting (28,127 people) (Data USA, n.d.)  
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Figure 1. Tulare County land use.  
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CHAPTER FIVE 
 
METHODS 
 
5.1 Data Collection  
A number of GIS data layers were used for this study. Tulare County crop data were 
areas exported from Land Use - 2014 data (Data.Gov, 2017). Slope and Aspect were computed 
from digital elevation model (DEM) data from (Data Basin, 2000). Soil texture, soil depth, soil 
drainage, and flood frequency taken Web Soil Survey (2013) and exported ArcMap by using Soil 
Data Viewer tool provided by USDA. Annual precipitation data retrieved from the Geospatial 
Data Gateway. Aridity data was taken from the Consortium for Spatial Information (CGIAR-
CSI, 2009).  
 
5.2 Methodology 
5.2.1 Analysis of Environmental Conditions 
The following methods were used to analyze the environmental conditions associated 
with olive cropland in Tulare county and were compared with other fruit and nut trees (Figure 2). 
Each agricultural tree crop (almonds, citrus, cherries, grapes, olives, peaches/nectarines, 
pistachios, plums/prunes/apricots, pomegranates, and walnuts) were analyzed for several 
different environment parameters based on the list of relevant parameters for soil and climate by 
Kasapakis et al. (2008) and Boudjemline & Semar (2018). The parameters included: soil texture 
(ST), parent material (PM), drainage (D), slope (S), and soil depth (SD) for assessment of soil 
 26 
 
quality index (SQI), and annual precipitation (PP), aridity (IA), and aspect (field orientation) 
(OR) for assessment of climate quality index (CQI). To complete the analysis, each variable was 
divided into a number of classes according to Boudjemline & Semar (2018). Then, the 
percentage of land for each crop was summarized for each class. The classification schemes for 
each variable are shown in Tables 1 through 8. The results will enable a comparison of the soil 
and climate conditions associated with each crop. 
 
Table 1. Soil texture classes. 
Class Classification Soil Texture Index 
1 Good Coarse sandy loam, Sandy loam, Fine sandy loam, 
Loam, Clay Loam 
1.1 
2 Moderate Silty Loam  1.2 
3 Poor Clay 1.6 
4 Very Poor Sand 2.0 
 
Table 2. Parent material classes. 
Class Classification Parent Material Index 
1 Good Schist, Serpentine, Peridotite, 1.0 
2 Moderate Phyllite, Igneous and Metaphoric rocks, Diorite, 
Sedimentary Rock, Mixed, Metavolcanics, 
Interbedded Sedimentary Rock, Metasedimentary 
Rock 
1.7 
3 Poor Sandstone, Sandstone and shale, Mudstone 2.0 
 
Table 3. Slope classes. 
Class Slope Classes Slope % Index 
1 Depressional to level 0 to 0.5 1.0 
2 Very gently sloping 0.5 to 2 1.2 
3 Gently sloping 2 to 5 1.3 
4 Moderately sloping 5 to 9 1.5 
5 Strongly sloping 9 to 15 1.6 
6 Steeply sloping 15 to 30 1.7 
7 Very steeply sloping 30 to 60 1.8 
8 Extremely sloping over 60 2.0 
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Table 4. Drainage classes. 
Class Classification Characteristic  Index 
1 Good Well Drained 1.0 
2 Moderate Moderately Drained 1.2 
3 Poor Somewhat excessively drained, Somewhat poorly drained 2.0 
 
Table 5. Soil depth classes. 
Class Classification Characteristic  Index 
1 Very shallow 0 – 25 cm 4.0 
2 Shallow 25 – 50 cm 3.0 
3 Moderate 50 – 100 cm 2.0 
4 Deep 100 – 150 cm 1.3 
5 Very deep 150 – 200 cm 1.2 
6 Excessively deep >200 1.0 
 
Table 6. Annual precipitation classes. 
Class Description Classification Index 
1 <250 mm Low 3.0 
2 250 – 500 mm Moderate 2.0 
3 >500 mm  High 1.0 
 
Table 7. Aspect (Field Orientation) classes. 
Class Field Orientation Classification Index 
1 NW-NE Northern 1.0 
2 SW-SE Southern 2.0 
 
Table 8. Aridity classes. 
Class Description Classification Index 
1 P/PET < 0.05 Hyper-arid 1.0 
2 0.05 < P/PET < 0.2 Arid 1.1 
3 0.2 < P/PET < 0.5 Semi-arid 1.2 
4 0.5 < P/PET < 0.65 Dry dub-humid 1.4 
5 P/PET > 0:65 Humid 2.0 
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Figure 2. Distribution of tree crops in Tulare County, CA.  
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5.2.2 Desertification Risk Based on Soil and Climate Quality Indices 
Desertification risk for Tulare County was modeled using the MEDALUS 
(Mediterranean Desertification and Land Use) model described by Boudjemline and Semar, 
(2018).  Desertification risk was measured and mapped using a soil quality index (SQI) and 
climate quality index (CQI), which were derived from the environmental parameters described 
for objective 1. Index values were assigned to each parameter, as reported in Tables 1-8.  Index 
values for the five soils parameters were incorporated into the SQI as:  
Soil Quality Index (SQI) = (ST*PM*S*D*SD)1/5. 
Then, the CQI is calculated as:  
Climate Quality Index (CQI)= (PP*IA*OR)1/3.  
Finally, Desertification risk (DR) is calculated as:  
DRsc = (SQI*CQI)
1/2. 
SQI, CQI, and DRsc were mapped for the whole county and summarized for each crop.  
Interpretation of the resulting index values are explained in Tables 9-11. 
SQI, CQI, and DRsc reclassified as following Tables 9-11 (Boudjemline and Semar, 2018). The 
indices were calculated and mapped using a GIS (ArcGIS v10, ESRI Inc.) 
SQI and CQI values were reclassified into high, moderate, and low quality (Table 9-10). 
The final DRsc values was reclassified into four classes: absence (non-affected), low (not very 
sensitive), average (sensitive), and high (very sensitive) (Table 11). 
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Table 9. SQI description and index value ranges. 
Class Description Range  
1 High Quality 1.0 - 1.13 
2 Moderate Quality  1.13 – 1.45 
3 Low Quality 1.45 – 2.0 
 
Table 10. CQI description and index value ranges. 
Class Description Range  
1 High Quality 1.0 - 1.15 
2 Moderate Quality  1.15 – 1.81 
3 Low Quality 1.81 – 2.0 
 
Table 11. DRsc description and index value ranges. 
Class Description Range  
1 Absence (non-affected) 1.0 - 1.22 
2 Low (not very sensitive) 1.23 – 1.30 
3 Average (sensitive) 1.31 – 1.40 
4 High (very sensitive) 1.41 – 2.0 
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CHAPTER SIX 
 
RESULTS 
 
6.1 Environmental Conditions 
Environmental conditions related to olive cultivation areas in Tulare County were 
analyzed and compared with other fruit and nut trees. Tulare county soil textures were classified 
as 62.2% good, 10.4% moderate, and 27.4% poor (Figure 3a). Good textured soils were located 
throughout much of the San Joaquin Valley basin, with moderate found in small parts of 
southwest and mostly Eastern part of the county. Poor textured soils were located in sections of 
the west, central, and eastern most of the county. Peaches/nectarines and walnuts had a hundred 
percentage of good soil textures (Table 17-21). However, Pistachios and pomegranates mostly 
had poor soil texture (Table 18- 19). Furthermore, olive tree soil texture classification results 
showed that olive tree was located in 84.3% good soil texture (Table 16).  
Tulare County parent materials were classified as 30.4% good, 38.9% moderate, and 
30.7% poor (Figure 3b). The parent materials that created the soil were generally good, but crop 
trees also were grown in poor soils in Tulare county. Good parent material soils were mostly 
found in the central and some sections of the east part of county, while moderate parent material 
soils generally were located in sections of the central, southwest, and mostly eastern parts of the 
county. Poor textured soils were located in the northwest, south, and southeast. Almond trees 
were grown 71% good parent material, and only planted 23.5% poor (Table 12). Walnut trees 
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were cultivated in good parent material 91.4% and 4.3% poor (Table 21). Also, olive tree had 
52.2% good and 26.4% poor parent material (Table 16).  
Tulare County slopes were classified as depressional to level (9.1%), very gently 
(20.6%), gently (4.9%), moderately (6.6%), strongly (10.6%), steeply (23.5%), very steeply 
(22.3%), and extremely (2.5%) sloped (Figure 3c). The very gently sloping area, where crops 
were cultivated, was located in western part of the county. Strongly, steeply, and very steeply 
sloping areas were found mostly throughout much of the mountain Sierra Nevada, Sequoia 
National Park, National Forest and the public areas of the Mineral King, Golden Trout and 
Domeland Wilderness. 
Tulare County drainage of soils were classified as 56.4% good, 30.4% moderate, and 
13.2% poor (Figure 3d). Well drained soils were found in section of west, southeast, and mostly 
central parts of the county. Moderately drained soils were located in southwest, northeast and 
some parts of the southwest, with poorly drained soils found in section of the north, northwest, 
and southeast of the county. Walnut trees were planted 75.3 percent in well-drained soils (Table 
21). While olive trees and citrus trees were planted 71,7% and 61.3% in moderately well drained 
soils (Table 14-16). 
Tulare County depth of soils were classified as extremely deep (9%), deep (0.1%), 
moderate (29%), shallow (12%), and very shallow (30%) (Figure 3e). The west and some 
sections of the central of the county had extremely deep soil depth. Moderate soil depths were 
located in the central and in small part of eastern of the county. However, shallow soil depths 
were found in some part of north and northwest and mostly the southeast of the county. The 
eastern part of the county had mostly very shallow soil depths. The depth of soil is usually 
extremely deep in tree crop areas, such as 100% almond, 89.6% walnut and 76.9% 
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peach/nectarine (Table 12-21-17). Also, olive trees and citrus trees soil depth was mostly 
moderate. 
Annual precipitation of Tulare County was classified as high 52.2%, moderate 33.3%, 
and low 250 mm 14.6% (Figure 4a). High annual precipitations were located throughout much of 
the eastern part of the county, while moderate amounts were found mostly in the west central and 
east of the county. Low annual precipitation areas were located in the southwest. Tulare county 
crops were planted mostly in moderate precipitation areas. However, pistachio trees were planted 
less than 250 mm annual precipitation 83.8% of the time, and this was followed by almond trees 
at 76.5% and grapes at 65.5%.  In addition, olive tree survived in areas with 250- 500 mm annual 
precipitation, and as well those with 250 mm. 
Field orientation was classified as southern 51 % and northern 49% in Tulare County 
Figure 4b). The distribution of crop trees has nearly the same equality from north to south, but 
grapes were cultivated 60.4% northwest to northeast, and cherries were planted 64.4 % 
southwest to southeast. In addition, olive trees were commonly seen northwest to northeast 
(52.3%), but it also was observed that southwest to southeast (47.7%). The general spreading 
area of the olive tree is suitable for both aspects.  
According to aridity results, Tulare County aridity were classified as arid 27%, semi-arid 
31.2%, dry sub-humid 13.8%, and humid 28% (Figure 4c). Arid areas were found in the west, 
and semi-arid areas located in the central and some small part of southeast of the county. Humid 
areas were seen mostly northeast of the county, and dry sub-humid areas were located in around 
the humid areas. Tulare County crops were largely cultivated in arid and semi-arid land areas. 
Citrus, olives and pomegranates are planted almost equally in arid and semi-arid lands (Table 14-
16-19).  
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Table 12. Almond environmental conditions and desertification risk index values. 
 
  
Soil 
Classes 
Factor Description Characteristic 
Percentage 
% 
Index 
Texture 
Good 
Sandy loam/Fine sandy 
loam/Clay loam 
 
94.4 % 
1.0 
Moderate Silt loam 5.0 % 1.2 
Poor Clay 0.6 % 1.6 
Very Poor Sand 0 % 2.0 
Parent 
Material 
Good Serpentinite/Schist/Peridotite 71.5 % 1.0 
Moderate 
Mixed/Metasedimentary 
rock/Igneous and 
metamorphic rock 
5.0 % 1.7 
Poor Sandstone/Mudstone 23.5 % 2.0 
Slope 
Depressional to level 0 - 0.05 % 32.8 % 1.0 
Very gently 0.5 – 2 % 66.0 % 1.2 
Gently 2 – 5 % 1.2 % 1.3 
Moderately 5 – 9 % 0 % 1.5 
Strongly 9 – 15 % 0 % 1.6 
Steeply 15 – 30 % 0 % 1.7 
Very steeply 30 – 60 % 0 % 1.8 
Extremely Over 60 % 0.0 % 2.0 
Drainage 
Good Well drained 53.4 % 1.0 
Moderate Moderately well drained 45.0 % 1.2 
Poor Somewhat poorly drained 1.7 % 2.0 
Soil Depth 
Extremely deep >200 cm 100 % 1.0 
Very deep 150-200 cm 0 % 1.2 
Deep 100-150 cm 0 % 1.3 
Moderate 50-100 cm 0 % 2.0 
Shallow 25-50 cm 0 % 3.0 
Very shallow 0 – 25 cm 0 % 4.0 
 
Climate 
Change 
Annual 
Precipitation 
< 250 mm Low 76.5 % 3.0 
250 – 500 mm Moderate 23.5 % 2.0 
>500 mm High 0 % 1.0 
Field 
Orientation 
(aspect) 
NW-NE Northern 56.5 % 1.0 
SW-SE Southern 43.5 % 2.0 
Aridity 
P/PET < 0.05 Hyper-arid   
0.05 < P/PET < 0.2 Arid 99.2 % 1.1 
0.2 < P/PET < 0.5 Semi-Arid 0.8 % 1.2 
0.5 < P/PET < 0.65 Dry sub-humid 0 % 1.4 
P/PET > 0:65 Humid 0 % 2.0 
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Table 13. Cherries environmental conditions and desertification risk index values. 
 
 
  
Soil 
Classes 
Factor Description Characteristic Percentage 
% 
Index 
Texture Good Sandy loam/Fine sandy loam  
88.8 % 
1.0 
Moderate Silt loam 0 % 1.2 
Poor Clay 11.2 % 1.6 
Very Poor Sand 0 % 2.0 
Parent 
Material 
Good Serpentinite/Schist/Peridotite 62.9 % 1.0 
Moderate Mixed/Metasedimentary rock 7.9 % 1.7 
Poor Sandstone/Mudstone 29.2 % 2.0 
Slope Depressional to level 0 - 0.05 % 28.3 % 1.0 
Very gently 0.5 – 2 % 62.8 % 1.2 
Gently 2 – 5 % 5.0 % 1.3 
Moderately 5 – 9 % 2.2 % 1.5 
Strongly 9 – 15 % 1.2 % 1.6 
Steeply 15 – 30 % 0.5 % 1.7 
Very steeply 30 – 60 % 0 % 1.8 
Extremely Over 60 % 0 % 2.0 
Drainage Good Well drained 58.4 % 1.0 
Moderate Moderately well drained 40.4 % 1.2 
Poor Somewhat poorly drained 1.1 % 2.0 
Soil Depth Extremely deep >200 cm 66.3 % 1.0 
Very deep 150-200 cm 0 % 1.2 
Deep 100-150 cm 0 % 1.3 
Moderate 50 - 100 cm 32.6 % 2.0 
Shallow 25 – 50 cm 1.1 % 3.0 
Very shallow 0 – 25 cm 0 % 4.0 
 
Climate 
Classes 
Annual 
Precipitation 
< 250 mm Low 30.6 % 3.0 
250 – 500 mm Moderate 69.4 % 2.0 
> 500 mm High 0 % 1.0 
Field 
Orientation 
(aspect) 
NW-NE Northern 35.6 % 1.0 
SW-SE Southern 64.4 % 2.0 
Aridity P/PET < 0.05 Hyper-arid 0 % 1.0 
0.05 < P/PET < 0.2 Arid 83.3 % 1.1 
0.2 < P/PET < 0.5 Semi-Arid 16.7 % 1.2 
0.5 < P/PET < 0.65 Dry sub-humid 0 % 1.4 
P/PET > 0:65 Humid 0 % 2.0 
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Table 14. Citrus environmental conditions and desertification risk index values. 
 
  
Soil 
Classes 
Factor Description Characteristic Percentage 
% 
Index 
Texture Good Coarse sandy loam/Sandy 
loam/Fine sandy loam/Loam 
 
79.4 % 
1.0 
Moderate Silt loam 0 % 1.2 
Poor Clay 20.6 % 1.6 
Very Poor Sand 0 % 2.0 
Parent 
Material 
Good Serpentinite/Schist/Peridotite 36.0 % 1.0 
Moderate Metavolcanics/Phyllite/Sedimentary 
rock/Mixed/Metasedimentary 
rock/Igneous and metamorphic rock 
21.8 % 1.7 
Poor Sandstone/Mudstone/Sandstone and 
shale 
42.2 % 2.0 
Slope Depressional to 
level 
0 - 0.05 % 21.0 % 1.0 
Very gently 0.5 – 2 % 63.1 % 1.2 
Gently 2 – 5 % 10.0 % 1.3 
Moderately 5 – 9 % 3.3 % 1.5 
Strongly 9 – 15 % 2.0 % 1.6 
Steeply 15 – 30 % 0.6 % 1.7 
Very steeply 30 – 60 % 0 % 1.8 
Extremely Over 60 % 0 % 2.0 
Drainage Good Well drained 38.2 % 1.0 
Moderate Moderately well drained 61.3 % 1.2 
Poor Somewhat poorly drained 0.5 % 2.0 
Soil Depth Extremely deep >200 cm 17.2 % 1.0 
Very deep 150-200 cm 0 % 1.2 
Deep 100-150 cm 0 % 1.3 
Moderate 50 - 100 cm 81.9 % 2.0 
Shallow 25 – 50 cm 0.5 % 3.0 
Very shallow 0 – 25 0.5 % 4.0 
 
Climate 
Classes 
Annual 
Precipitation 
< 250 mm Low 4.8 % 3.0 
250 – 500 mm Moderate 95.2 % 2.0 
>500 mm High 0.04 % 1.0 
Field 
Orientation 
(aspect) 
NW-NE Northern 52.1 % 1.0 
SW-SE Southern 47.9 % 2.0 
Aridity P/PET < 0.05 Hyper-arid 0 % 1.0 
0.05 < P/PET < 0.2 Arid 44.7 % 1.1 
0.2 < P/PET < 0.5 Semi-Arid 55.3 % 1.2 
0.5 < P/PET < 0.65 Dry sub-humid 0 % 1.4 
P/PET > 0:65 Humid 0 % 2.0 
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Table 15. Grapes environmental conditions and desertification risk index values. 
 
  
Soil 
Classes 
 
Factor Description Characteristic Percentage 
% 
Index 
Texture Good Sandy loam/Fine sandy 
loam/Loam 
 
87.9 % 
1.0 
Moderate Silt loam 6.0 % 1.2 
Poor Clay 6.1 % 1.6 
Very Poor Sand 0 % 2.0 
Parent 
Material 
Good Serpentinite/Schist/Peridotite 49.1 % 1.0 
Moderate Sedimentary 
rock/Mixed/Metasedimentary 
rock/Igneous and metamorphic 
rock 
13.5 % 1.7 
Poor Sandstone/Mudstone 37.4 % 2.0 
Slope Depressional to level 0 - 0.05 % 31.8 % 1.0 
Very gently 0.5 – 2 % 67.1 % 1.2 
Gently 2 – 5 % 1.1 % 1.3 
Moderately 5 – 9 % 0.01 % 1.5 
Strongly 9 – 15 % 0 % 1.6 
Steeply 15 – 30 % 0 % 1.7 
Very steeply 30 – 60 % 0 % 1.8 
Extremely Over 60 % 0 % 2.0 
Drainage Good Well drained 55.1 % 1.0 
Moderate Moderately well drained 40.5 % 1.2 
Poor Somewhat poorly drained 4.4 % 2.0 
Soil Depth Extremely deep >200 cm 54.3 % 1.0 
Very deep 150-200 cm 0 % 1.2 
Deep 100-150 cm 0 % 1.3 
Moderate 50 - 100 cm 41.3 % 2.0 
Shallow 25 – 50 cm 4.4 % 3.0 
Very shallow 0 – 25 cm 0 % 4.0 
 
Climate 
Classes 
Annual 
Precipitation 
< 250 mm Low 65.4 % 3.0 
250 – 500 mm Moderate 34.6 % 2.0 
>500 mm High 0 % 1.0 
Field 
Orientation 
(aspect) 
NW-NE Northern 60.4 % 1.0 
SW-SE Southern 39.6 % 2.0 
Aridity P/PET < 0.05 Hyper-arid 0 % 1.0 
0.05 < P/PET < 0.2 Arid 95.0 % 1.1 
0.2 < P/PET < 0.5 Semi-Arid 5.0 % 1.2 
0.5 < P/PET < 0.65 Dry sub-humid 0 % 1.4 
P/PET > 0:65 Humid 0 % 2.0 
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Table 16. Olive environmental conditions and desertification risk index values. 
  
Soil 
Classes 
Factor Description Characteristic Percentage 
% 
Index 
Texture Good Coarse sandy loam/Sandy loam/Fine 
sandy loam 
 
84.3 % 
1.0 
Moderate Silt loam 0 % 1.2 
Poor Clay 15.7 % 1.6 
Very Poor Sand 0 % 2.0 
Parent 
Material 
Good Serpentinite/Schist/Peridotite 52.2 % 1.0 
Moderate Metavolcanics/Phyllite/Sedimentary 
rock/Mixed/Metasedimentary rock 
21.4 % 1.7 
Poor Sandstone/Mudstone 26.4 % 2.0 
Slope Depressional to 
level 
0 - 0.05 % 20.7 % 1.0 
Very gently 0.5 – 2 % 69.2 % 1.2 
Gently 2 – 5 % 8.1 % 1.3 
Moderately 5 – 9 % 1.4 % 1.5 
Strongly 9 – 15 % 0.4 % 1.6 
Steeply 15 – 30 % 0.2 % 1.7 
Very steeply 30 – 60 % 0 % 1.8 
Extremely Over 60 % 0 % 2.0 
Drainage Good Well drained 28.3 % 1.0 
Moderate Moderately well drained 71.7 % 1.2 
Poor Somewhat poorly drained 0 % 2.0 
Soil Depth Extremely deep >200 cm 13.2 % 1.0 
Very deep 150-200 cm 0 % 1.2 
Deep 100-150 cm 0 % 1.3 
Moderate 50-100 cm 86.5 % 2.0 
Shallow 25-50 cm 0 % 3.0 
Very shallow 0 – 25 cm 0.3 % 4.0 
 
Climate 
Classes 
Annual 
Precipitation 
< 250 mm Low 1.1 % 3.0 
250 – 500 mm Moderate 98.9 % 2.0 
>500 mm High 0 % 1.0 
Field 
Orientation 
(aspect) 
NW-NE Northern 52.3 % 1.0 
SW-SE Southern 47.7 % 2.0 
Aridity P/PET < 0.05 Hyper-arid 0 % 1.0 
0.05 < P/PET < 
0.2 
Arid 59.7 % 1.1 
0.2 < P/PET < 
0.5 
Semi-Arid 40.3 % 1.2 
0.5 < P/PET < 
0.65 
Dry sub-humid % 0 1.4 
P/PET > 0:65 Humid % 0 2.0 
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Table 17. Peaches/nectarines environmental conditions and desertification risk index values. 
  
Soil Classes 
 
Factor Description Characteristic Percentage 
% 
Index 
Texture Good Sandy loam/Fine 
sandy loam 
 
100 % 
1.0 
Moderate Silt loam 0 % 1.2 
Poor Clay 0 % 1.6 
Very Poor Sand 0 % 2.0 
Parent 
Material 
Good Serpentinite/Schist 26.0 % 1.0 
Moderate Sedimentary 
rock/Mixed/Igneous 
and metamorphic rock 
31.8 % 1.7 
Poor Sandstone/Mudstone 42.2 % 2.0 
Slope Depressional to level 0 - 0.05 % 27.4 % 1.0 
Very gently 0.5 – 2 % 70.7 % 1.2 
Gently 2 – 5 % 1.8 % 1.3 
Moderately 5 – 9 % 0.06 % 1.5 
Strongly 9 – 15 % 0.07 % 1.6 
Steeply 15 – 30 % 0 % 1.7 
Very steeply 30 – 60 % 0 % 1.8 
Extremely Over 60 % 0 % 2.0 
Drainage Good Well drained 59.0 % 1.0 
Moderate Moderately well 
drained 
16.0 % 1.2 
Poor Somewhat poorly 
drained 
25.0 % 2.0 
Soil Depth Extremely deep >200 cm 59.5 % 1.0 
Very deep 150-200 cm 0 % 1.2 
Deep 100-150 cm 0 % 1.3 
Moderate 50 - 100 cm 15.5 % 2.0 
Shallow 25 – 50 cm 25.0 % 3.0 
Very shallow 0 – 25 cm 0 % 4.0 
 
Climate Classes 
Annual 
Precipitation 
< 250 mm Low 2.3 % 3.0 
250– 500 mm Moderate 97.7 % 2.0 
> 500 mm High 0 % 1.0 
Field 
Orientation 
(aspect) 
NW-NE Northern 46.2 % 1.0 
SW-SE Southern 53.8 % 2.0 
Aridity P/PET < 0.05 Hyper-arid 0 % 1.0 
0.05 < P/PET < 0.2 Arid 81.7 % 1.1 
0.2 < P/PET < 0.5 Semi-Arid 18.3 % 1.2 
0.5 < P/PET < 0.65 Dry sub-humid % 0 1.4 
P/PET > 0:65 Humid % 0 2.0 
 40 
 
Table 18. Pistachios environmental conditions and desertification risk index values. 
 
  
Soil 
Classes 
 
Factor Description Characteristic Percentage 
% 
Index 
Texture Good Sandy loam/Fine sandy 
loam/Clay loam 
 
66.3 % 
1.0 
Moderate Silt loam 15.2 % 1.2 
Poor Clay 18.5 % 1.6 
Very Poor Sand 0 % 2.0 
Parent 
Material 
Good Serpentinite/Schist/Peridotite 42.2 % 1.0 
Moderate Mixed/Metasedimentary 
rock/Igneous and 
metamorphic rock 
18.2 % 1.7 
Poor Sandstone/Mudstone 39.6 % 2.0 
Slope Depressional to level 0 - 0.05 % 35.8 % 1.0 
Very gently 0.5 – 2 % 60.8 % 1.2 
Gently 2 – 5 % 3.1 % 1.3 
Moderately 5 – 9 % 0.3 % 1.5 
Strongly 9 – 15 % 0.03 % 1.6 
Steeply 15 – 30 % 0.01 % 1.7 
Very steeply 30 – 60 % 0 % 1.8 
Extremely Over 60 % 0 % 2.0 
Drainage Good Well drained 55.0 % 1.0 
Moderate Moderately well drained 44.7 % 1.2 
Poor Somewhat poorly drained 0.2 % 2.0 
Soil Depth Extremely deep >200 cm 76.9 % 1.0 
Very deep 150-200 cm 0 % 1.2 
Deep 100-150 cm 0 % 1.3 
Moderate 50 - 100 cm 22.9 % 2.0 
Shallow 25 – 50 cm 0.2 % 3.0 
Very shallow 0 – 25 cm 0 % 4.0 
 
Climate 
Classes 
Annual 
Precipitation 
< 250 mm Low 83.8 % 3.0 
250 – 500 mm Moderate 16.2 % 2.0 
> 500 mm High 0 % 1.0 
Field 
Orientation 
(aspect) 
NW-NE Northern 58.3 % 1.0 
SW-SE Southern 41.7 % 2.0 
Aridity P/PET < 0.05 Hyper-arid 0 % 1.0 
0.05 < P/PET < 0.2 Arid 98.5 % 1.1 
0.2 < P/PET < 0.5 Semi-Arid 1.5 % 1.2 
0.5 < P/PET < 0.65 Dry sub-humid % 0 1.4 
P/PET > 0:65 Humid % 0 2.0 
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Table 19. Pomegranates environmental conditions and desertification risk index values. 
 
  
Soil 
Classes 
 
Factor Description Characteristic Percentage 
% 
Index 
Texture Good Coarse sandy loam/Sandy loam/Fine 
sandy loam/Clay loam 
 
54.9 % 
1.0 
Moderate Silt loam 11.5 % 1.2 
Poor Clay 33.6 % 1.6 
Very Poor Sand 0 % 2.0 
Parent 
Material 
Good Serpentinite/Schist/Peridotite 40.2 % 1.0 
Moderate Metavolcanics/Mixed/Metasedimentary 
rock/Igneous and metamorphic rock 
10. 7 % 1.7 
Poor Sandstone/Mudstone 49.1 % 2.0 
Slope Depressional to 
level 
0 - 0.05 % 32.2 % 1.0 
Very gently 0.5 – 2 % 60.0 % 1.2 
Gently 2 – 5 % 4.4 % 1.3 
Moderately 5 – 9 % 1.3 % 1.5 
Strongly 9 – 15 % 0.6 % 1.6 
Steeply 15 – 30 % 1.5 % 1.7 
Very steeply 30 – 60 % 0 % 1.8 
Extremely Over 60 % 0 % 2.0 
Drainage Good Well drained 61.5 % 1.0 
Moderate Moderately well drained 38.5 % 1.2 
Poor Somewhat poorly drained 0 % 2.0 
Soil Depth Extremely deep >200 cm 51.6 % 1.0 
Very deep 150-200 cm 0 % 1.2 
Deep 100-150 cm 0 % 1.3 
Moderate 50 - 100 cm 48.4 % 2.0 
Shallow 25-50 cm 0 % 3.0 
Very shallow 0 – 25 cm 0 % 4.0 
 
Climate 
Classes 
Annual 
Precipitation 
< 250 mm Low 37.7 % 3.0 
250 – 500 mm Moderate 62.3 % 2.0 
> 500 mm High 0 % 1.0 
Field 
Orientation 
(aspect) 
NW-NE Northern 50.0 % 1.0 
SW-SE Southern 50.0 % 2.0 
Aridity P/PET < 0.05 Hyper-arid 0 % 1.0 
0.05 < P/PET < 
0.2 
Arid 47.6 % 1.1 
0.2 < P/PET < 
0.5 
Semi-Arid 52.4 % 1.2 
0.5 < P/PET < 
0.65 
Dry sub-humid % 0 1.4 
P/PET > 0:65 Humid % 0 2.0 
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Table 20. PPA environmental conditions and desertification risk index values. 
  
Soil 
Classes 
Factor Description Characteristic Percentage 
% 
Index 
Texture Good Sandy loam/Fine sandy loam  
96.1 % 
1.0 
Moderate Silt loam 0 % 1.2 
Poor Clay 3.9 % 1.6 
Very Poor Sand 0 % 2.0 
Parent 
Material 
Good Serpentinite/Schist/Peridotite 49.6 % 1.0 
Moderate Sedimentary 
rock/Mixed/Metasedimentary 
rock/Igneous and 
metamorphic rock 
12.2 % 1.7 
Poor Sandstone/Mudstone 38.2 % 2.0 
Slope Depressional to level 0 - 0.05 % 28.0 % 1.0 
Very gently 0.5 – 2 % 67.5 % 1.2 
Gently 2 – 5 % 2.7 % 1.3 
Moderately 5 – 9 % 1.0 % 1.5 
Strongly 9 – 15 % 0.8 % 1.6 
Steeply 15 – 30 % 0.04 % 1.7 
Very steeply 30 – 60 % 0 % 1.8 
Extremely Over 60 % 0 % 2.0 
Drainage Good Well drained 49.6 % 1.0 
Moderate Moderately well drained 41.8 % 1.2 
Poor Somewhat poorly drained 8.6 % 2.0 
Soil Depth Extremely deep >200 cm 53.2 % 1.0 
Very deep 150-200 cm 0 % 1.2 
Deep 100-150 cm 0 % 1.3 
Moderate 50 - 100 cm 38.2 % 2.0 
Shallow 25 – 50 cm 8.6 % 3.0 
Very shallow 0 – 25 cm 0 % 4.0 
 
Climate 
Classes 
Annual 
Precipitation 
< 250 mm Low 7.8 % 3.0 
250 – 500 mm Moderate 92.2 % 2.0 
>500 mm High 0 % 1.0 
Field 
Orientation 
(aspect) 
NW-NE Northern 51.0 % 1.0 
SW-SE Southern 49.0 % 2.0 
Aridity P/PET < 0.05 Hyper-arid 0 % 1.0 
0.05 < P/PET < 0.2 Arid 70.0 % 1.1 
0.2 < P/PET < 0.5 Semi-Arid 30.0 % 1.2 
0.5 < P/PET < 0.65 Dry sub-humid % 0 1.4 
P/PET > 0:65 Humid % 0 2.0 
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Table 21. Walnut environmental conditions and desertification risk index values. 
 
  
Soil 
Classes 
Factor Description Characteristic Percentage 
% 
Index 
Texture Good Sandy loam/Fine sandy loam  
100 % 
1.0 
Moderate Silt loam 0 % 1.2 
Poor Clay 0 % 1.6 
Very Poor Sand 0 % 2.0 
Parent 
Material 
Good Serpentinite/Schist/Peridotite 91.4 % 1.0 
Moderate Mixed/Metasedimentary 
rock/Igneous and metamorphic 
rock 
4.3 % 1.7 
Poor Sandstone 4.3 % 2.0 
Slope Depressional to level 0 - 0.05 % 27.6 % 1.0 
Very gently 0.5 – 2 % 68.6 % 1.2 
Gently 2 – 5 % 3.8 % 1.3 
Moderately 5 – 9 % 0.02 % 1.5 
Strongly 9 – 15 % 0 % 1.6 
Steeply 15 – 30 % 0 % 1.7 
Very steeply 30 – 60 % 0 % 1.8 
Extremely Over 60 % 0 % 2.0 
Drainage Good Well drained 75.3 % 1.0 
Moderate Moderately well drained 22.2 % 1.2 
Poor Somewhat poorly drained 2.6 % 2.0 
Soil Depth Extremely deep >200 cm 89.6 % 1.0 
Very deep 150-200 cm 0 % 1.2 
Deep 100-150 cm 0 % 1.3 
Moderate 50 - 100 cm 7.9 % 2.0 
Shallow 25 – 50 cm 2.6 % 3.0 
Very shallow 0 – 25 cm 0 % 4.0 
 
Climate 
Classes 
Annual 
Precipitation 
< 250 mm Low 17.0 % 3.0 
250 – 500 mm Moderate 83.0 % 2.0 
>500 mm High 0 % 1.0 
Field 
Orientation 
(aspect) 
NW-NE Northern 52.6 % 1.0 
SW-SE Southern 47.4 % 2.0 
Aridity P/PET < 0.05 Hyper-arid 0 % 1.0 
0.05 < P/PET < 0.2 Arid 90.9 % 1.1 
0.2 < P/PET < 0.5 Semi-Arid 9.1 % 1.2 
0.5 < P/PET < 0.65 Dry sub-humid % 0 1.4 
P/PET > 0:65 Humid % 0 2.0 
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6.2 Desertification Risk Based on Soil and Climate Quality Indices 
Soil Qualification Index was classified as high quality (16.8%), moderate quality 
(29.6%), and low quality (53.5%) (Figure 3f). High quality soils were located in the west central 
and small part of middle south and north of the county. Low quality soils were located in half of 
the eastern, central, and section of northwest. In addition, moderate soils were found in the west 
and central parts of the county (Figure 3). The Table 22 illustrates the quality soil associated with 
tree crops in Tulare County. Walnuts grow in 87.0% high quality soils and secondly almonds 
86.7% high quality soils. The results show that olive tree grow 78.4% moderate quality soils. 
The olive trees also were grown 11.6% of the time in low quality soil. Citrus and 
peaches/nectarines were cultivated in low quality soils nearly 18%, and respectively 11.8% and 
8.9% in high quality soil (Table 22). 
 
Table 22. Percent of land by SQI categories for tree crops in Tulare County. 
Crop High Quality % Moderate Quality % Low Quality % 
Almonds 86.7 13.3 0 
Cherries 57.1 28.6 14.3 
Citrus 11.8 69.6 18.6 
Grapes 40.5 52.2 7.3 
Olives 10.0 78.4 11.6 
Peaches/Nectarines 8.9 72.6 18.5 
Pistachios 41.1 50.2 8.7 
Pomegranates 37.1 48.6 14.3 
Plums/Prunes/Apricots 35.4 56.3 8.2 
Walnuts 87.0 11.7 1.3 
Tulare County SQI 16.8 29.6 53.6 
 
Climate Qualification Index was classified as high quality (13.1%), moderate quality 
(79.6%), and low quality (7.3%) (Figure 4f). High quality climate areas were located in the 
central area, with moderate qualities found throughout much of the San Joaquin Valley basin. 
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Low qualities were located southwest and some parts of the east. (Figure 4f). Table 23 
demonstrates climate quality of the Tulare County. According CQI results, crop trees are not 
grown in high quality climate conditions, while Tulare County had moderate climate quality. 
Cherries had 66.7% low quality climate conditions, and followed by pomegranates 50%, and 
almonds 44.1%. Furthermore, peaches/nectarines, citrus, and olives were grown in moderate 
quality climate conditions. 
 
Table 23. Percent of land by CQI categories for tree crops in Tulare County. 
Crop High Quality % Moderate Quality % Low Quality % 
Almonds 0 55.9 44.1 
Cherries 0 33.3 66.7 
Citrus 0 97.7 2.3 
Grapes 0 70.2 29.8 
Olives 0 90.9 9.1 
Peaches/Nectarines 0 100.0 0 
Pistachios 0 60.9 39.1 
Pomegranates 0 50.0 50.0 
Plums/Prunes/Apricots 0 88.9 11.1 
Walnuts 0 88.8 11.3 
Tulare County CQI 13.0 79.7 7.3 
 
Desertification risk results showed that Tulare County is very sensitive 55%, 19.5% 
sensitive, not very sensitive 11.1%, and non-affected 14.4% to desertification (Figure 5). Non-
affected to desertification risk areas were located in middle of the west, and from north to south 
central part of the county. Low desertification risk areas were found mostly from southwest to 
central of the county. The areas sensitive to desertification located generally around the non-
affected and not very sensitive areas. Finally, very sensitive areas were located throughout much 
of the county especially the southwest, south, and most of the eastern part (Table 24). The Table 
24 shows percentage of desertification risk in Tulare County crop tree areas. Pomegranate 
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cultivated areas were very sensitive (75%) to desertification, and followed by citrus at 47.5% and 
grapes at 46.8%. The percentage of walnuts in non- affected areas was 58.1%. Olive trees are 
one of low desertification risk 33.3% or non- affected 33.3% in Tulare county. 
 
Table 24. Percent of land by DRsc categories for tree crops in Tulare County. 
Crop Absence (non-
affected) % 
Low (not very 
sensitive) % 
Average 
(sensitive) % 
High (very 
sensitive) % 
Almonds 25.0 0 50.0 25.0 
Cherries 0 0 100.0 0 
Citrus 8.1 16.3 28.1 47.5 
Grapes 9.0 13.5 30.6 46.8 
Olives 33.3 33.3 22.2 11.1 
Peaches/Nectarines 21.1 5.3 47.4 26.3 
Pistachios 6.0 17.9 47.6 28.6 
Pomegranates 0 0 25.0 75.0 
Plums/Prunes/Apricots 33.3 33.3 33.3 0 
Walnuts 58.1 4.8 24.2 12.9 
Tulare County DRsc 14.4 11.1 19.5 55.0 
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Figure 3. Soil parameters and soil quality index in Tulare County, CA.  
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Figure 4. Climate parameters and climate quality index in Tulare County, CA. 
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Figure 5. Desertification risk in Tulare County, CA.  
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CHAPTER SEVEN 
 
DISCUSSION 
 
Desertification is an important environmental problem that has been increasing as a result 
of human pressure to the soil and climate change. Unsustainable agricultural practices are one of 
the reasons why locations around the world are becoming desert. Moreover, agricultural 
practices can also be a cure for land improvement. There are plenty of crops that can help with 
combating desertification. Tulare County is one of the agricultural central in the USA, and it is 
so important that people make their living with agriculture. In the central of Tulare county these 
crop trees have grown olives, almonds, cherries, citrus, grapes, peaches/nectarines, pistachios, 
pomegranates, prunes/plums/apricots, and walnuts. Especially olive trees have significant 
importance combating desertification. 
 
7.1 Environmental Conditions 
This research analyzed the soil conditions in Tulare County. It is important to understand 
the distribution of soil textures and parent materials to improve agricultural management 
practices and assess agricultural impacts on the environment (Yaghouti et al., 2019). The 
analysis revealed that most of tree crops including olives, peaches/nectarines, and walnuts, were 
grown in good soil conditions. However, other crops were sometimes planted on poor soils, 
including olives, pistachios, and pomegranates, indicating they are more adaptable to varying 
soil conditions. 
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The western part of Tulare County, which is center of agriculture, is mainly comprised of 
very gently sloping areas. However, the eastern part of county is very steeply sloping. 
Agricultural plants usually are cultivated on low slope soils. Olives trees are planted on mostly 
very gently slope soil. According to Pergola et al. (2013), olive trees can be planted also in the 
hilly and mountainous regions. This means that olive trees might be grown some of the steeper 
areas of the county where other soil and climate conditions are suitable.  
In general, soil drainage is good in Tulare County, but the crops tree were mostly 
cultivated areas in areas with moderately drained soils. The northwestern part of the county has 
poorly drained soils, and this area has good soil texture because water capacity depends on soil 
texture. Walnut and almond trees, in particular, absorb water more than other tree crops. Soil 
depth has significant importance especially for crop trees because distribution of roots depends 
on soil depth, and also type of parent material and slope. In Tulare County, soil depth is mostly 
extremely deep, or moderate. In addition, northwest of county has shallow soil depth, and 
following crop trees are cultivated in this area peaches/nectarines, grapes, citrus, and almonds.  
Climate conditions were analyzed in Tulare county. Annual precipitation is mostly 
moderate, but in some places it is less than 250 mm. This shows that crop trees adapt in arid and 
semi-arid lands. Pomegranates can grow in arid and semi-arid regions, and also can produce 
good quality of fruit even high temperature (38 C◦). Therefore, this crop tree can survive in 
drought areas, but the quality of pomegranate fruits decreases without suitable irrigation methods 
(UC Agriculture and Natural Sources, n.d.). Moreover, pomegranates can bear fruit usually in a 
2.5-3 years, but full production occurs in the 6th year after cultivation (Ferguson, 2011). Olive 
trees can survive 250- 500 mm annual precipitation, and even under the 250 mm rainfall, and it 
is clear that this tree is very suitable for arid and semi-arid conditions. Olive trees are not only 
 52 
 
surviving in arid land, but also thrive in these areas. Furthermore, pistachios have less demand 
for rain, also successfully adapted to climatic conditions. 
 
7.2 Desertification Risk 
The findings suggest much of Tulare County is sensitive or very sensitive to 
desertification, including some areas planted with tree crops. Pomegranate, citrus, and grape 
crops trees were planted on the most at-risk sites compared to other species. Although olives 
were mostly grown on parcels non-affected to not very sensitive to desertification, olives can be 
grown on sensitive to very sensitive sites. 
In general, quality of soil was very low for all the county, which means land has some 
amount of degradation. However, crop trees were planted mostly in high quality areas. The 
reason for this might be agricultural practices are very suitable in this area, or some of the crops 
are fertilized. In addition, northwest of county has good parent material, but as a result of SQI, 
soil quality is very low. Also, the east of county, which is mostly hilly and forest, has very low 
soil quality. Walnut and almonds trees highly survive in good quality soils, so they can be under 
risk to survive this area in the future. Besides, citrus and peaches/Nectarines are adapted low soil 
conditions, as well. CQI has almost moderate quality in Tulare County, and there are not high-
quality climate conditions. According to climate predictions, Tulare County will become more 
arid. The average temperature is expected to increase between 1 ◦F and 2.3 ◦F (Climate Change 
and Health Profile Report Tulare County, 2017).  Moreover, annual precipitation has more 
importance than other climate parameters, because it balances the amount of water and moisture 
required in the world to ensure the continuity of water cycle (The environmental Literacy 
Council, n.d.). Furthermore, annual precipitation and aridity are connected to each other. 
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According to Food and Agriculture Organization of the United Nations (2007), aridity index (AI) 
defined as a ratio between potential evapotranspiration and mean annual precipitation. The 
Tulare County tree crops are already in arid and semi-arid land, and some of trees find a way to 
adapt climate conditions because of irrigation. 
Tulare County is in the arid to semi-arid area, and the central of county, where crops 
planted, has potential desertification risk. Olive tree is cultivated central of Tulare County 
(Figure 5). According to results, it is clearly seen that olive tree cultivated areas surrounded by 
low desertification risk in the central of Tulare County. Moreover, in the south and northwest of 
Tulare county, olive trees are cultivated high desertification risk areas. 
Olive trees can grow on shallow, low quality soils in arid and semi-arid lands, and also 
can tolerate salty soil (Fernández and Moreno, 2000). In Tulare County, olive trees were mostly 
planted on moderate quality soils, but also, they are cultivated in low quality soils. The 
distribution of olive tree is very widely. Olive trees are very durable and very resilient against 
dryness (Foxhall, 2007). These trees can easily adapt to arid environments (Wiesman, 2009). 
CQI map showed that olive tree mostly distributed moderate quality climate condition, but it is 
clearly seen that there is little interaction between olive and low-quality climate conditions. The 
great amount of olive trees are perfectly adapted desert environmental conditions, and also other 
part of this trees survived in the high desertification risk areas. According to Wiesman, (2009), 
olive trees adapted desert environments, both genetically and environmentally. This tree can 
stand even intense drought conditions (Trabelsi et al., 2019). 
In Tulare County, olive trees can help to mitigate desertification risk. Olive tree soil 
textures, parent material, and slope conditions are almost similar to grapes and cherries, but 
drainage and soil depth conditions are different. Cherries can begin to produce fruit at 2 years 
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after cultivated, but cherries have low quality climate conditions. In addition, extremely high 
temperatures can lead degradation of cherry fruits and can cause growing rapidly (UC 
Agriculture and Natural Sources, n.d.). Also, olive trees were cultivated in the same climate 
conditions as citrus, peaches/nectarines, and plums/prunes/apricots. Crop trees were cultivated 
arid to semi-arid sites as olives. Walnuts trees can survive in moderate climate quality 
conditions, so it means that low or extreme climate conditions are limitation for this tree crop 
(UC Agriculture and Natural Sources, n.d.). Walnut trees usually bear fruit in 8 to 10 years after 
planted (Walnut Council n.d.). In addition, olives are planted on similar sites as 
peaches/nectarines, plums/prunes/apricots, and walnuts crops, so olive trees can be replaced in 
these areas as a method combat desertification. Olives trees begin producing fruit nearly in a 4th 
year after cultivated (Haifa n.d.), a relatively short time compared to crops like walnuts. 
 
7.3 Implications  
This study will help to educate landowners about desertification risks to tree cropland, 
and also will give information about environmental conditions of crops trees as soil and climate. 
Finding a solution for unfertilized soils will be necessary for farmers, because the result of 
unsuitable soils will cause decrease in productivity of crops and increase in economic costs of 
farming. This research will be a guide for olive growers to resist desertification risk in their 
regions. Olive farmers will have a benefit from this map results like desertification risk and also 
how plants grow in arid lands. 
These results will help analyze olive or other plants cultivated areas which are under 
desertification risk. Some countries have, or will have desert areas, and this research will offer a 
way to deal with the arid lands by finding suitable crops such as olives. Governments need a 
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method to grow plants under all land conditions, so this research will be a fundamental source. 
According to these results, planners and government officials will discover how they can 
continue to participate in sustainable environmental activities in the drylands. Also, planners and 
government officials can use map to better understand risk of desertification. 
Climate change can adversely affect agriculture. Some efficiency of products might rise 
with climate change, while others might be reduced. Changes in annual rainfall can cause 
drought in Tulare County, so as a result of this a serious impact can occur on agriculture 
(Climate Change Plan, 2010). This study will help to understand how desertification risk might 
increase with climate change. Analysis of annual precipitation will give to prepare some 
precautions such as different cultivating suitable plant species, if precipitation decreases or 
aridity increases. In the future, Tulare County might become more sensitive to desertification 
risk due to climate change, and before this happen planners and government officials might take 
some prevention methods such as water management and irrigation. 
 
7.4 Limitations  
There are several limitations to this research. First, the land cover data were from 2014, 
so tree crop data may not be current. Also, the land cover data only include where crops were 
planted, but there was no information for other parts of the county. In addition, land cover data 
did not include the information about which kind of land use types are around crop trees, or 
previous land use type in tree crops areas, which can affect soils and tree crops. The other land 
use types might also have effect on desertification risk in Tulare County. 
Second, tree crop classification accuracy is unknown. The research analyzed ten 
categories of tree crops in Tulare County, but other kinds of crops, like grains, may also be 
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affected by desertification or have affect on combat desertification. Also, the species of tree 
crops or amount of tree crops might have changed from 2014 to 2019, so the results may not 
necessarily be current.  However, given that many tree crops are long lived, it is expected that the 
results are reasonably accurate five years later. 
Third, this study was based only on soil and climate analysis. Soil quality also is affected 
by weed control methods, chemical control for disease and insects. These agricultural activities 
were unknown in tree crop areas in Tulare County. Moreover, the difficulty of finding data about 
vegetation such as erosion risk, or drought resistance, and anthropic conditions such as the 
density of population, or the density of livestock are one of the limitations of this research. 
Also, the management practices such as period of land use, policy enforcement, and 
sustainable farming are not available for Tulare County. There was no data about agricultural 
land use policies. Moreover, the information about tree crops product quality and economic gains 
was unavailable, so this study was not able to compare value of olives with other crop trees. In 
addition, the information about water sources was unknown: the availability of water for 
irrigation, ground water recharge, or storage of water runoff. The water conversation techniques 
were unknown. Besides, tree crops water requirements and water scarcity were unclear in Tulare 
County. 
Finally, this study did not consider the economic implications of the recommendations 
for converting from one tree crop to olives; rather it focused on protecting the environment by 
protecting soils and reducing desertification risk.  However, overproduction of olives and a lack 
of tree crop diversity as a result of this recommendation is a potential problem.  Therefore, the 
recommendation is not to convert all tree crops to olives; rather it is to encourage conversion to 
olives in areas at most risk or when current plantings are failing. 
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7.5 Future Study 
Future research might improve DR by including other factors such as vegetation, 
anthropic conditions, and management practices, as recommended by Boudjemline & Semar 
(2018). Vegetation, and anthropic quality indexes can also measure and add to the calculation of 
DR. Future researchers might focus on fire risk, erosion protection, drought resistance, and plant 
cover for vegetation quality assessment, and the annual growth rate of the population, the density 
of the population, the density of the road network, the density of livestock for assessment of 
anthropic quality. These might be added to apply or more comprehensive index. 
Future research may also consider policy of combating desertification with olive trees 
and replacing other crop trees with olives. Those studies might expand on larger study areas such 
as other counties or states of the USA, or other countries. The researchers might use higher 
resolution data or more current data for measuring DR. Furthermore, satellite imaginary might be 
used to analyze when or how desertification processing begin, and the causing factors can be 
identified and mapped. To decide which crop is beneficial for environmental conditional of area, 
the researchers can analyze change by years for each crop tree and each environmental condition.  
Finally, future study might calculate desertification risk for future climate change 
scenarios to evaluate how desertification risk might change. Also, future researchers might look 
at past and future climate projections for comparison. They might analyze how crop tree 
changed, or will change with climate change. In addition, water condition of areas and water 
demand of soils and plants may be investigated.  
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Figure 6. Olive distribution on desertification risk map in Tulare County, CA.  
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CHAPTER EIGHT 
 
CONCLUSION 
With global warming and climate change, desertification becomes one of the important 
topics around the world. Global warming and climate change have already begun, and it is 
almost impossible to stop. Therefore, it is necessary first to investigate how humans can deal 
with these effects. As one effect, desertification is affecting the fertility of land and agricultural 
productivity. This topic is essential because people need to know the risk of desertification so 
that farmers can take precautions.  
Tulare County is significantly important for producing agricultural products. To ensure 
agricultural continuity, it is fundamental to analyze environmental conditions. Analysis of 
desertification risk based on soil and climate show that the great amount of Tulare County is 
under desertification risk and very sensitive to desertification. Olive trees can be a solution to 
combat desertification in high risk areas, or can be used as a replacement for failing tree crops. 
Olive trees can grow in high desertification risk areas and also provide variety of benefits for the 
environment. 
 
8.1 Intellectual Merit 
The results are important to landowners and governments who have, or will have arid, 
semi-arid land. This study contributes to a desertification risk map and compares soil / climatic 
conditions associated with olive and other tree plants. This study is also significant to identify 
environmental conditions in specific areas and planning suitable land use methods. This research 
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is a beneficial to continue sustainable agricultural methods in arid and semi-arid lands, and also 
planners will be able to replace unsuitable plants with olive trees in desertification risk areas. 
 
8.2 Broader Impacts 
Results will be used as a source in the Department of Desertification Monitoring and 
Evaluation in Turkey. In this country, with global warming and climate change, drought areas 
have continued to increase significantly. Department of Combat Desertification uses 
afforestation as a method. However, afforestation practices were not as successful as expected 
because of the species of plant they cultivated in the dry areas. On the other hand, olive trees can 
use contribute to desertification because they can survive in the drylands. The knowledge of 
environmental conditions for each crop will be beneficial for planners. Furthermore, this GIS-
based source provides more benefit to reduce drought areas. Desertification mapping is essential 
for those who are interested in GIS programs and arid lands because researchers have difficulties 
finding data. Olive farmers will have a benefit from this map results like desertification risk and 
also how plants grow in arid lands. Ministry of Food, Agriculture, and Livestock needs a method 
to grow plants under all land conditions, so this research will be a fundamental source. 
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